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By Jeffrey R. Yago, RE., CEM 

I n our last issue, I discussed how 
to use solar energy to power a 
remote well pump. In this issue, 
I will describe how you can 
build a simple solar powered light. 
This is not one of those inexpensive 
solar walk lights sold in garden sup- 
ply stores. This is a commercial qual- 


ity light that can easily illuminate a 
parking area, remote outbuilding, 
dark driveway, or large road sign. 
Figure 1 shows the pole lamp version 
of this lighting system. 

Main components 

There are four components required 
to build any solar powered light: the 
solar array, high efficien- 
cy D.C. lamp, charge 
controller, and a battery. 
The solar array will be 
the most expensive com- 
ponent required, and 
these are now available in 
many different sizes and 
wattage ratings. 

Figure 2 shows the rear 
view of a solar pole light. 
The solar array includes 
an adjustable pole mount 
which allows facing the 
solar array toward the 
south (in northern lati- 
tudes), with a tilt angle 
approximately equal to 
the latitude (30 to 40 
degrees for most parts of 
the central United 
States). The weatherproof 
light fixture is mounted at 
a height and tilt that best 
illuminates the area 
desired. 

Just under the solar 
array is a weatherproof, 
but vented, enclosure to 
house all electrical com- 
ponents. This will 
include a sealed no-main- 
tenance battery and a 
solar charge controller. 
The charge controller 
protects the battery from 
over-charging, maxi- 



Eigure 2. Rear view of a 
pole-mounted solar light 


mizes the charging voltage and cur- 
rent output of the solar array, and 
controls when the light operates. 

Lighting fixture types 

Figures 3 and 4 show one of the 
newest types of low- voltage DC light 
fixtures available. This is a 35- watt 
low-pressure sodium street light that 
includes built-in time controls. A 
standard plug-in photocell is mounted 
on the top, and the protective fixture 
housing includes switch controls to 
adjust the lamp start delay time and 
operating times. 

Low-pressure sodium lighting 
appears brownish in color and is nor- 
mally used to illuminate large parking 
areas and highways due to its long 
lamp life and very low energy 
requirements. This type of fixture is 
usually mounted on a tall pole to illu- 
minate a large area when low light 
level and a non-white color spectrum 
is acceptable. 

Figure 5 shows a 13-watt compact 
fluorescent fixture in an aluminum 
housing, now available for 12-volt 



Figure 1. Pole-mounted street light showing 
a front view of the solar light 
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Figure 3. 12-volt D.C. low-pressure sodium fixture 
by Orgatech-Omegalux Corp. 


Figure 4. Low-pressure sodium fixture with lens removed. 
Note timer program control dip switches. 


DC operation. This fixture is com- 
monly used for ground level mount- 
ing to illuminate up towards a sign or 
wall area. 

Figure 6 shows a low- voltage com- 
pact fluorescent fixture with a non- 
metallic housing that includes a pho- 
tocell. This fixture and lens design is 
intended to mount on the side of a 
wall to illuminate the ground area 
next to a building or over an entry. 
Both fixtures use a two-pin base, 
compact fluorescent twin-tube lamp, 
typically in the 9 or 13-watt size. 
Fixtures designed for use with very 
low wattage lamps maximize the light 
output by using a highly polished 
reflector behind the lamp, and a clear 
plastic focusing lens in front of the 
lamp. 

System controls 

Unlike most dusk-to-dawn photo- 
cell controls used with AC grid con- 
nected outdoor lights, most solar 


powered lighting 
applications do 
not operate the 
light continuous- 
ly all night, as a 
way to reduce the 
solar array size 
and extend bat- 
tery life. 

In many north- 
ern latitudes, it is 
not unusual dur- 
ing cloudy winter 
months for a con- 
ventional photo- 
cell controlled 
outdoor light to 
turn on around 4 
p.m. in the 
evening, and stay 
on until 7 a.m. 
the next morning. 

Since short 
winter days may 
only provide four 
hours of solar 
energy collection 
time, it’s difficult 
to fully recharge a battery in this 
short period and then expect 
it to power a lighting load 
continuously for the next 15 
hours. 

Figure 7 shows two brands 
of solar battery charge con- 
trollers that include built-in 
lighting timer controls. The 
Trace C12 controller on the 
left of the photo provides 
good three-stage battery 
charging, plus provides on/off 
light control using the solar 
array as a photocell to signal 
when it gets dark. 

For more sophisticated 
applications, the MorningStar 
Sunlight solar control on the 
right of the photo is an excel- 
lent choice. This controller is 
available in 10 and 20-amp 
versions, and for 12 and 24- 
volt DC applications. In addi- 
tion to being a three-stage 


battery charge controller, an 
adjustable dial allows programming 
the light to stay “on” from 2 to 10 
hours after sunset, to turn “off’ then 
back “on” for 1 to 2 hours before sun- 
rise, or simply to provide dusk-to- 
dawn operation. Some solar con- 
trollers also include a jumper to select 
between a flooded and sealed battery 
to maximize charging efficiency and 
extend battery life. 

Putting it all together 

Figure 8 shows a complete solar- 
powered sign lighting system we 
recently designed for an industrial 
park. The main entrance sign was 
located over a half mile from the 
nearest office building, which would 
have required trenching a long dis- 
tance under a parking lot, street, and 
sidewalk. 

The installation costs to run a con- 
ventional underground AC power line 
this far were higher than the cost of a 
self-contained solar powered lighting 
system. This installation has a 13- 
watt fluorescent fixture (see Figure 5) 
located in the planter box on each 
side of the sign, a pole-mounted solar 


Figure 5. 12-volt DC compact 
fluorescent ground-mounted fixture 
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Figure 6. 12-volt D.C. compact fluorescent 
wall-mounted fixture by Thin-Lite Corp. 


array mounted next to the sign, and a 
weatherproof box located behind the 
sign which contains the charge con- 
troller and 12-volt gel-cell battery. 

The sizing of the solar array, bat- 
tery, and charge controller will 
depend on the wattage of lamp you 
choose, and how many hours you 
want it to operate each night. If your 
location is subject to frequent periods 
of cloudy weather, your battery needs 
to store energy for more than one day 
of lighting operation. 

For example, let’s say you want to 
power a 13- watt fluorescent fixture 
an average of 4 hours each night. (13 
watts x 4 hours)/ 12 volts = 4.33 
amp-hour/day 

Since there will be an efficiency 
loss during both the battery charging 
and battery discharging process, and 
additional efficiency losses for the 
fluorescent ballast, charge controller, 
and wiring, we need to add at least 30 
percent more to our initial calcula- 
tion. (4.3 amp-hour) x (1.3) = 5.8 
amp-hour/day 

If you want three days of continued 
operation during cloudy weather 
when there will be no solar charging, 
you will need a solar charged battery 
that can store three times this daily 
amp-hour value. 

I strongly recommend buying a 
good quality sealed or gel-cell battery 


designed for daily deep 
discharge cycling. In 
addition, since the 
enclosure must be 
vented for safety in 
case of battery out- 
gassing, the battery life 
will be reduced due to 
the high and low out- 
door temperatures it 
will experience. For 
these applications, 
most batteries will 
need replacement every 
three years. 

Array sizing 

Like the battery, the 
size of the solar array 
also depends on the 
lamp wattage and daily 
operating hours. 

Unle ss you live in a 
very southern or desert climate, a 
fixed south facing solar array will 
receive direct sunlight only from an 
average of 9 a.m. to 3 p.m. during 
summer months, and 10 a.m. to 2 
p.m. during winter months. 

This means a solar array having a 
40-watt nameplate rating could gen- 
erate 240-watt hours (40 watt x 6 
hours) of power during a very sunny 
day. A 13-watt fluorescent lamp 
would operate 18 hours on this ener- 
gy (240 watt- 
hour/13 watts), 
assuming no 
efficiency loss- 
es. 

However, solar 
module name- 
plate ratings are 
based on lab 
testing under 
perfect solar 
conditions. 
Actual power 
output will vary 
for each hour of 
the day for dif- 
ferent module 
orientations, and 


for constantly changing cloud cover 
and air temperature. If your lighting 
application is more demanding, you 
may need more than one solar mod- 
ule, or use a larger battery to guaran- 
tee the light will always be able to 
operate the hours required. 

Wiring diagram 

The wiring diagram I have included 
in Figure 9 shows a typical circuit to 
connect a solar array, battery, charge 
controller, and light fixture. Due to 
the lower 12-volt operation, the oper- 
ating currents will be 10 times higher 
than the current required if this was a 
120 volt AC light fixture having the 
same wattage lamp. 

Therefore, I recommend using a 
minimum of 10-gauge stranded cop- 
per wire. Any wire exposed to sun- 
light and moisture needs to be rated 
for this type of service. In addition, 
since a solar module can be extreme- 
ly hot during the summer, any wire 
used to connect to its rear terminals 
must also have a high temperature 
rating. A single conductor type 
“USE” cable is an excellent choice 



Figure 7. Low-voltage charge controllers 
with built-in lighting controls 
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Figure 8. Solar powered street signage that includes: ground-mounted light fix- 
tures located in the planter box on each side of the sign, a pole-mounted solar 
array mounted next to the sign, and a weather-proof box located behind the 
sign which contains the charge controller and 12-volt gel-cell battery. 


for solar applications and should 
meet all UL code requirements. 

Also note that I have included a 
separate fuse to protect the battery 
and load side of this circuit. Keep all 
wiring runs short and use “crimp” 


type copper terminals to reduce volt- 
age loss and improve long-term con- 
nector reliability. Be sure to use a #6 
or larger solid copper wire to connect 
the solar module frame, light fixture, 
and mounting rack to a ground rod. 


Resources 

DC Light Fixtures 

Thin-Lite Corp 

www.thinlite.com 

805 - 987-5021 

Solar Components 

National Solar Supply 

www.nationalsolarsupply.com 

866 - 255-1829 

Kansas Wind Power 
www. kan saswi n d powe r. n et 
785 - 364-4407 

Backwoods Solar Electric Systems 

www.backwoodssolar.com 

208 - 263-4290 

Complete systems 

Power Pod Corp 

www.powerpod.com 

888 - 786-3374 

Conclusions 

For estimating purposes, I recom- 
mend using a 40-watt solar array and 
50 amp-hour capacity battery to 
power a 13-watt lamp five hours per 
night. For a 35-watt lighting load, 
you will need an 80 amp-hour or larg- 
er battery, and at least two 50- watt 
solar modules. Some parts of the 
United States may require higher val- 
ues than these estimates. These values 
should provide at least three days of 
standby operation during cloudy 
weather without discharging the bat- 
tery below its safe operating limit. 
Remember, repeated discharging of 
any battery below a 50 percent dis- 
charge level will significantly reduce 
battery life, and automotive type bat- 
teries cannot take this daily deep dis- 
charge cycling. 

Finally, due to significant differ- 
ences in weather conditions and solar 
availability in each area of the coun- 
try, you may need to experiment with 
the light’s start and stop operating 
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Figure 9. A solar powered light wiring diagram 
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times to avoid excessive battery dis- 
charge. 

If you like the idea of a solar pow- 
ered outdoor light, but would prefer 
not to do-it-yourself, there are many 
packaged systems now available that 
are pre-sized for your specific loca- 
tion and lighting requirements. 

(Jeff Yago’s latest text titled, Achieving 
Energy Independence - One Step At A Time , 
provides a very good introduction to off-grid 
living and battery based power systems. It is 
available from the Backwoods Home 
Magazine’s Bookstore or by calling 804-457- 
9566.) A 

For more articles 
on solar energy: 

www.backwoodshome.com 



Only the best quality! Shirts are Hanes 
Beefy Is made from 100% pre-shrunk 
cotton. Only $15.95 ea. 

Call 800-835-2418 to order, 
or use the order form on page 97. 



CLASSIC 


• Thermostatically controlled wood heat 

• Adapts easily to any existing heating system 

• Located safely outside your home 

• Dual Fuel Ready and Stainless Steel models 
available 

• 25 Year Limited Warranty available 

No Payments for 365 Days (OAC) 

“Buying a Classic Central Boiler is one of the best decisions I 
have made... my heat and hot water cost me zero. Since installing the 
boiler I saved between $300 and $400 per month..." - Don P., CT 

Outdoor Wood Furnace 

100% Wood Heat for Your 
Home, Water, Shop and More. 

c #■ ■■ ■ « 

up to 

at participating dealers 

For the maximum performance and life of your furnace, 
always insist on using Central Boiler authorized system parts 

and accessories. 

Find your nearest dealer at 

centralboiler.com 

800 - 248-4681 

Unsecured deferred first payment loans provided by EnerBank USA (1245 E Brictaj Suite 100, Salt Lake City, UT 84106) 

to homeowners who meet bank's qualifications. Repayment terms vary from 15 jm 2 months based upon loan amount. 

APR varies from 8.23% to 13.53% based upon loan amount, repayment terrn^H thiness of borrower as determined 

by bank. Interest rates effective January 5, 2005. Rates subject to crane. 341-5400 for current rates. 

Unsecured deferred first payment loans available only through participating Cr er dealers. Limited time offer. 

‘Savings shown on CL 7260 model. ©J005Cenl ad3365 


Early Purchase Discount 

Save $700* 


Dealerships available 
in select areas. 
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installation service^. Home & Ranch 
Solar, wind & hydro. 

. ’ r 7 ' A. , 


Box 321 Placerville, CO 81430 

Modular integrated 
solar energy systems 

Use for: 

lighting 

• communications 
water pumping 

small & large 
PowerPods 
with inverters up 


to 4000 watts AC 

small units are easily, 7 

transported ^ __ 
energy efficient lights 
& appliances also available 
Made in USA pat.#42o,973 


Sundance Solar Designs, our sister 
company, offers complete renewable 
energy system design/consult, sales & 



